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BOREASHYD-3 Snow M easurements
Janet P. Hardy, Robert E. Davis

Summary

The BOREAS HY D-3 team collected several data sets related to the hydrology of forested areas. This
data set contains measurements of snow depth, snow density in 3-cm intervals, an integrated snow
pack density and snow water equivalent (SWE), and snow pack physical properties from snow pit
evaluation taken in 1994 and 1996. The data were collected from severa sitesin both the SSA and the
NSA. A variety of standard tools were used to measure the snow pack properties, including a meter
stick (snow depth), a 100-cc snow density cutter, adial stem thermometer, and the Canadian snow
sampler as used by HY D-4 to obtain a snow pack-integrated measure of SWE. This study was
undertaken to predict spatia distributions of snow properties important to the hydrology, remote
sensing signatures, and the transmissivity of gases through the snow. The data are available in tabular
ASCII files.

Table of Contents

1) DataSet Overview

2) Investigator(s)

3) Theory of Measurements

4) Equipment

5) DataAcquisition Methods

6) Observations

7) DataDescription

8) DataOrganization

9) DataManipulations

10) Errors

11) Notes

12) Application of the Data Set

13) Future Modifications and Plans
14) Software

15) DataAccess

16) Output Products and Availability
17) References

18) Glossary of Terms

19) List of Acronyms

20) Document Information

1. Data Set Overview

1.1 Data Set Identification
BOREAS HY D-03 Snhow Measurements

1.2 Data Set Introduction

The data pertaining to this documentation include all snow-related measurements made during the
field campaigns. These measurementsinclude snow depth and density in 3-cm intervals and integrated
throughout the snow pack aswell as snow temperatures. The data were collected from several sitesin
the BOReal Ecosystem-Atmosphere Study (BOREAS) Southern Study Area (SSA) and Northern
Study Area (NSA). A variety of standard tools were used to measure the snow pack properties,
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including a meter stick (snow depth), a 100-cc snow density cutter, adial stem thermometer, and the
Canadian snow sampler as used by Hydrology (HY D)-04 to obtain a snow pack-integrated measure of
snow water equivalent (SWE).

1.3 Objective/Purpose
This study was undertaken to predict spatial distributions of snow properties important to the
hydrology, remote sensing signatures, and the transmissivity of gases through the snow.

1.4 Summary of Parameters

Parameters measured with respect to this documentation are snow depth variability and snow
density specific to land cover types at the flux tower sites visited. These data allow the calculation of
SWE. Additional parameters measured include snow pack temperatures.

1.5 Discussion

This study was conducted under the hypothesis that energy transfer and SWE would vary spatialy
as afunction of both the canopy closure and the distance from tree stems. Therefore, to obtain an
accurate spatial average, random locations were measured irrespective of the location of trees. The
representativeness of the snow depths to the site depends partialy on the number of measurements.
Raw measurements of snow depths near tree stems and under different canopy closures are available
from the Principal Investigator (PI). Certain snow metamorphic processes are driven by snow pack
temperature gradients, and an effort was made to measure that variable in the boreal forests.

1.6 Related Data Sets
BOREASHY D-04 Standard Snow Course Data
BOREASHY D-04 Areal Snow Course Data

2. Investigator (s)

2.1 Investigator (s) Name and Title

Robert E. Davis

Research Physical Scientist

U.S. Army Cold Regions Research and Engineering Laboratory (CRREL)

2.2 Title of Investigation
Distributed Energy Transfer Modeling in Snow and Soil for Boreal Ecosystems

2.3 Contact Information

Contact 1:

Janet P. Hardy

U.S. Army CRREL

72 Lyme Road

Hanover, NH 03755-1290
(603) 646-4306

(603) 646-4397 (fax)
Jhardy@crrel .usace.army.mil
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Contact 2:

Dr. Robert E. Davis

U.S. Army CRREL

72 Lyme Road

Hanover, NH 03755-1290
(603) 646-4219

(603) 646-4397 (fax)
bert@crrel .usace.army.mil

Contact 3:

David Knapp

Raytheon ITSS

Code 923

NASA GSFC

Greenbelt, MD 20771

(301) 286-1424

(301) 286-0239 (fax)
David.Knapp@gsfc.nasa.gov

3. Theory of Measurements

Severa random snow depth measurements were made over the area around each site to assess the
variability of snow depth. At one or more locations in the forest, snow pits were dug and profiles of
the snow density and temperature were included in the measurements. The snow density profileswere
used to calculate an average snow pack density to test the assumption that average density was more
conservative than depth. This assumption proved valid; thus, measurements of snow depth, in
conjunction with average snow pack density, provide accurate estimates of SWE. SWE is the vertical
depth of water that would be obtained by melting the snow.

Snow temperature measurements were made in part to initialize the snow process model aswell as
to provide important information for estimating the timing of snow ablation.

4. Equipment

4.1 Sensor/Instrument Description

*  Centimeter scale (meter stick) - for snow depth measurements.

*  100-cc snow density cutter - allows weight measurement of 100-cc volume of snow, from
which the snow density is determined. The dimensions of the cutter are3cmx 5.5cmx 6
cm. This technique measures snow density at intervals of 3 cm height.

»  Electronic top loader balance - provides weight of snow, which allows determination of snow
densities accurate within 5% (cutter and scale together).

e Canadian snow sampler - measures snow depth and provides data on an integrated snow
density and SWE.

4.1.1 Collection Environment
All data were collected during winter environments. The equipment used is designed for winter
use, so the collection environment was appropriate for these measurements.

4.1.2 Source/Platform
Ground.
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4.1.3 Sour ce/Platform Mission Objectives
Thiswork was undertaken at several siteswithin the BOREAS modeling areato obtain a better
understanding of the variations of snow depth and density in different land cover types.

4.1.4 Key Variables
Snow depth, snow pack density, SWE, and snow temperature.

4.1.5 Principles of Operation

The centimeter scaleisinserted into the snow pack, and the depth of the snow isread from the
scale. For snow density, a known volume of snow isweighed and its volume density is then
determined from the formulain Section 9.1. Two different techniques were used to determine snow
density. One used the 100-cc snow cutter, and the other used the Canadian snow sampler.

Snow temperatures are read from a horizontally inserted thermometer.

4.1.6 Sensor/Instrument Measurement Geometry
Not applicable.

4.1.7 Manufacturer of Sensor/lnstrument
Snow density cutter:

SNOWMETRICS

Box 52

Wilson, WY 83014

(307) 739-9458

Electronic baance:
ACCULAB

8 Pheasant Run
Newtown, PA 18940
(215) 579-3170

Canadian snow sampler:

(No manufacturer's address was given)

1-Eastern Snow Conference (ESC)-30 snow sampler
1-spring balance for ESC-30

1-cradle

1-measuring stick/ruler (cm)

Thermometer:

Cole - Pamer Instrument Co.
7425 North Oak Park Ave.
Niles, IL 60714-9930

4.2 Calibration

The electronic balance was calibrated using a 200-gram calibration weight. Thermometers were
calibrated using the ice bath calibration method. This method involves placing the temperature sensors
in awell-mixed combination of water and ice, which will have a known temperature of 0 °C.
Thermometers are then adjusted as close as possible to 0 °C while in the ice bath.

4.2.1 Specifications
Not available.
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4.2.1.1 Tolerance

Electronic balance: Accuracy iswithin 5% when used in conjunction with snow density cutter (+/- 0.1
g when used alone).

Thermometer:
Range: -50 °C to 150 °C +/- 0.8% full-scale precison or +/- 1.5 °C
Resolution=0.1°C

4.2.2 Frequency of Calibration
Prior to field use.

4.2.3 Other Calibration Information
Not available.

5. Data Acquisition Methods

100-cc Snow Cutter:

Snow depth measurements were made with a centimeter scale by walking through the area taking
random depth measurements. A zero snow depth occurred when the measurement landed at atree
stem. For the snow density profiles, arepresentative areawas chosen, a vertical exposure of the snow
pack was exposed to the north, and snow density measurements were made with the 100-cc snow
cutter every 3 vertical cm until the entire snow pack was measured (i.e., a 45-cm-deep snow pack
would require 15 measurements of snow density to obtain the snow pack density profile).

Canadian Snow Sampler:

The Canadian snow sampler is used by inserting the tube through the snow pack to the sail,
twisting the tube, and removing the tube and snow core. The tube and snow core are weighted using
the spring scale, and the snow depth is read from the centimeter scale on the tube.

Snow Temperature:
Snow temperature measurements are made by inserting the thermometer horizontally into the snow

pit at 10-cm height intervals. Temperatures are read directly off the thermometer dial to the nearest
degree once the thermometer has stabilized.

6. Observations

6.1 Data Notes
None.

6.2 Field Notes
None.
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7. Data Description
7.1 Spatial Characteristics

7.1.1 Spatial Coverage

Point measurements were scattered over a 1-hectare area within 50 meters of the flux tower, if it
was near aflux tower site. The following coordinates are approximate and based on the North
American Datum of 1983 (NADBS3).

SWE:

SITE ID LONG TUDE  LATI TUDE
SSA- OBS- HYD03- HYDO3- SWEO1  105. 11779W  53.98717N
SSA- AGR- HYDO3- HYDO3- SWEO1 104. 78041W  53. 57649N
NSA- QJP- FLXTR- HYDO3- SWEO1 98. 62028W  55. 93011N
NSA- 9BS- HYD3A- HYDO3- SWEO1 97.89026W  55.81011N
NSA- YBS- HYDO3- HYDO3- SWEO1 97.87026W  55. 83011N
NSA- M X- HYDO3- HYDO3- SWEO1 97. 84025W  55. 85011N
NSA- 9BS- HYD3B- HYDO3- SWEO1 97.82025W  55.87011N
NSA- YJP- FLXTR- HYDO3- SWEO1 98. 29027W  55. 90011N
SSA- M X- 110B1- HYDO3- SWEO1 105. 82606W  54. 58848N
SSA- 999- 110C1- HYDO3- SWEO1  105. 82461W  54. 57386N
SSA- ASP- 110E1- HYDO3- SWEO1 105. 81461W  54. 54696N
SSA- BSH- 110Gl1- HYDO3- SWEO1  105. 81221W  54. 52526N
SSA- ASP- 110H1- HYDO3- SWEO1  105. 8067W 54. 50956N
SSA- BRN-110J1- HYDO3- SWEO1  105. 8123W 54. 48146N
SSA- ASP- 110K1- HYDO3- SWEO1  105. 81W 54. 46696N
SSA- CLR-110L1- HYDO3- SWEO1 105. 8024W 54. 43746N
SSA-YJP-122D1- HYDO3- SWEO1 104. 61914W  53. 84426N
SSA-999- 122E1- HYDO3- SWEO1 104. 61944W  53. 84916N
SSA- M X- 122F1- HYDO3- SWEO1 104. 62214W  53. 85586N
SSA- M X-122G1- HYDO3- SWEO1 104. 60623W  53. 89836N
SSA- 999- WBK01- HYDO3- SWEO1  106. 0705W 53. 94005N
SSA- 90A- FLXTR- HYDO3- SWEO1  106. 19051W  53. 63005N
NSA- OBS- FLXTR- HYDO3- SWEO1 98. 48027W  55. 8801N
SSA- QJP- HYDO3- HYDO3- SWEO1 104. 69044W  53. 92006N
SSA- 9PR- HYDO3- HYDO3- SWEO1  105. 27048W  53. 56005N

Snow Depth Sites:

SITE ID LONG TUDE  LATI TUDE

SSA- QJP- FLXTR- HYDO3- SDP01  104. 69203W  53. 91634N
SSA- AGR- HYDO3- HYDO3- SDP01  104. 78041W  53. 57649N
SSA- WAT- FLXTR- HYDO3- SDP01  106. 04122W  53. 83105N
SSA- 90A- FLXTR- HYDO3- SDP01  106. 19779W  53. 62889N
SSA- OBS- FLXTR- HYDO3- SDPO1  105. 11779W  53.98717N

Page 6



Snow Pits:

SITE_ID

SSA- AGR- HYD03- HYDO3- SPTO1
SSA- WAT- FLXTR- HYDO3- SPTO1
SSA- 90A- FLXTR- HYDO3- SPTO1
SSA- OBS- FLXTR- HYDO3- SPTO1
SSA- 999- WsK04- HYDO3- SPTO1
SSA- QJP- FLXTR- HYDO3- SPTO1

Snow Temperature:

SITE_ID

NSA- 9BS- HYD3B- HYDO3- SHT06
NSA- 9BS- HYD3A- HYDO3- SHTO1
NSA- 9BS- HYD3A- HYDO3- SHT02
NSA- YBS- HYDO3- HYDO3- SHT03
NSA- M X- HYDO3- HYDO3- SHT04
NSA- 9BS- HYD3B- HYDO3- SHT05
NSA- YJP- FLXTR- HYDO3- SHTO1
NSA- QJP- FLXTR- HYDO3- SHTO1
NSA- OBS- FLXTR- HYDO3- SHTO1
SSA- 9PR- HYDO3- HYDO3- SHT01

. 78041W
. 04122wW
. 19779W
L 11779W
. 09068W
. 69203W

97. 82025W
97. 89026W
97. 89026W
97. 87026W
97. 84025W
97. 82025W
98. 29027W
98. 62028W
98. 48027W
105. 27048W

Subcanopy Meteorological:

SITE_ID

SSA- OBS- FLXTR- HYDO3- SCVD1
SSA- QJP- FLXTR- HYDO3- SCVD1
SSA- 90A- FLXTR- HYDO3- SCVD1

Subcanopy Radiation:

SITE_ID

SSA- OBS- FLXTR- HYDO3- SCRO1
SSA- 90A- FLXTR- HYDO3- SCRO1
SSA- QJP- FLXTR- HYDO3- SCRO1

7.1.2 Spatial Coverage Map

Not available.

7.1.3 Spatial Resolution

Point source data (snow pits).

7.1.4 Projection

105. 11779W
104. 69203W
106. 19779W

105. 11779W
106. 19779W
104. 69203W

LATI TUDE

53. 57649N
53. 83105N
53. 62889N
53.98717N
53. 9232N
53. 91634N

LATI TUDE

55. 87011N
55. 81011N
55. 81011N
55. 83011N
55. 85011N
55. 87011N
55. 90011N
55. 93011N
55. 8801N

53. 56005N

LATI TUDE

53.98717N
53. 91634N
53. 62889N

LATI TUDE

53.98717N
53. 62889N
53. 91634N

The locations of these point sites are based on NADS3.

Page 7



7.1.5 Grid Description
Not applicable.

7.2 Temporal Characteristics

7.2.1 Temporal Coverage

1994: Focused Field Campai gn-Wnter (FFC-W (05-Feb-1994 to 15-Feb-1994)
and FFC-Thaw (FFC-T) (17-Apr-1994 to 27- Apr-1994)

1996: FFC-W (29- Feb-1996 to 12- Mar-1996)

7.2.2 Temporal Coverage Map

05- Feb- 1994 SA-Prairie

06- Feb- 1994 SSA-d d Jack Pine (QIP)

07-08- Feb-1994 SSA: Transect near Mntreal Lake (Ganma Cali bration Lines)
09- Feb- 1994 SSA- Waskesi u Lake

10- Feb- 1994 SSA-A d Aspen (OA)

13- Feb- 1994 NSA: near AYJP on G || am Road.
14- Feb- 1994 NSA- Young Jack Pine (YJP)
15- Feb- 1994 NSA- QIP

17- Apr- 1994 NSA- YIP

18- Apr-1994 NSA- O d Bl ack Spruce (OBS)
20- Apr- 1994 NSA- OBS

22- Apr-1994 NSA- YIP

24- Apr-1994 NSA- YIP

24- Apr-1994 NSA- YIP

25- Apr- 1994 NSA- QIP

26- Apr-1994 NSA- YIP

27- Apr-1994 NSA- OPEN

29- Feb- 1996 SSA- OBS

01- Mar-1996 SSA- AG

02- Mar - 1996 SSA- OBS

04- Mar - 1996 SSA- QA

05- Mar - 1996 SSA- QIP

07- Mar - 1996 SSA- Nanekus

11- Mar- 1996 SSA- QIP

12- Mar - 1996 SSA- Waskesi u

7.2.3 Temporal Resolution

Snow depth, SWE: biweekly during FFC-W 1994, 3-5 days during FFC-T 1994, more frequently
depending on weather.

Snow temperatures. FFC-W 1994 - 1-3 days (less for the upper portion of the snow pack). FFC-T
1994 - Once the snow pack isisothermal at 0 °C during the thaw period, the top portion of the snow
pack may show some diurnal temperature fluctuations, but otherwise the snow pack may remain at the
melting point until the snow is gone.
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7.3 Data Characteristics

7.3.1 Parameter/Variable
The parameters contained in the data files on the CD-ROM are:

HYDO3_SWE_DATA

Col utm Nane
S| TE_NAVE
SUB SI TE
DATE_OBS
VEAN _SNOW DEPTH
SVWE_NUM OBS
VEAN_SNOW DENSI TY
CALC SWE
CAN_SNOW SAMPLER SWE
CAN_SNOW SAMPLER NUM OBS
CRTFCN_CODE
REVI S| ON_DATE

HYDO3_SNOWTEMP_DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SNOW HT

SNOW TEMP

CRTFCN_CODE

REVI S| ON_DATE

HYDO3_SWE_96_DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SAMPLE I D

SNOW DEPTH

CAN_SNOW SAMPLER SWE

SNOW DENSI TY

TREE_ZONE

COMMVENTS

REVI S| ON_DATE

CRTFCN_CODE
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HYDO3_SNOW_DEPTHS_96_ DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SAMPLE I D

SNOW DEPTH

CRTFCN_CODE

REVI S| ON_DATE

HYDO3_SNOW_PITS_96_ DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SNOW LAYER _TOP_HT

SNOW LAYER_BOTM HT

SNOW DENSI TY_1

SNOW DENSI TY_2

SNOW DENSI TY_3

PARM VALUE FLAGS

SNOW TEMP

SNOW TEMP_HT

CRTFCN_CODE

REVI S| ON_DATE

7.3.2 Variable Description/Definition
The descriptions of the parameters contained in the data files on the CD-ROM are:

HYDO3_SWE_DATA
Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS
MEAN_SNOW DEPTH
SWE_NUM OBS

MEAN_SNOW DENSI TY
CALC_SVE

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the

site, 999 if unknown, and CCCCC is the identifier
for site, exactly what it means will vary with
site type.

The identifier assigned to the sub-site by
BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site
instrunment, e.g. HYDO6 or STAFF, and IIIlIl is the
identifier for sub-site, often this will refer to
an instrument.

The date on which the data were coll ected.

The average depth of snow.
Nunber of snow water equival ent
neasur enents taken.

The nmean snow pack density.

Cal cul at ed snow wat er equi val ent.

(SVE)
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CAN_SNOW SAMPLER_SVE
CAN_SNOW SAMPLER_NUM OBS

CRTFCN_CODE

REVI SI ON_DATE

HYDO3_SNOWTEMP_DATA
Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS
SNOW HT

SNOW TEMP

CRTFCN_CODE

REVI SI ON_DATE

HYDO3_SWE_96_DATA
Col um Nane

SI TE_NAVE

SUB_SI TE

This is the snow water equival ent that was
nmeasured from the Canadi an snow sanpl er.

This is the nunber of neasurenents that were nade
at the site with the Canadi an snow sanpl er.

The BOREAS certification | evel of the data.
Exanpl es are CPl (Checked by Pl), CGR (Certified
by Group), PRE (Prelimnary), and CPlI-??? (CP

but questionabl e).

The nost recent date when the information in the
referenced data base table record was revised.

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the
site, 999 if unknown, and CCCCCis the identifier
for site, exactly what it means will vary with

site type.

The identifier assigned to the sub-site by
BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site

i nstrunment, e.g. HYDO6 or STAFF, and IIIIlIl is the

identifier for sub-site, often this will refer to
an instrunent.

The date on which the data were coll ected.

The hei ght above solid surface at which the snow
nmeasur enent was taken.

The tenperature of the snow at the reported snow
hei ght .

The BOREAS certification |level of the data.
Exanpl es are CPl (Checked by Pl), CGR (Certified
by Group), PRE (Prelimnary), and CPlI-??? (CP
but questionabl e).

The nost recent date when the information in the
referenced data base table record was revised.

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the
site, 999 if unknown, and CCCCCis the identifier
for site, exactly what it means will vary with

site type.

The identifier assigned to the sub-site by
BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site
instrunment, e.g. HYDO6 or STAFF, and IIIlIl is the

identifier for sub-site, often this will refer to
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DATE_OBS

SAMVPLE_| D

SNOW DEPTH

CAN_SNOW SAMPLER_SVE

SNOW DENSI TY
TREE_ZONE

COMVENTS
REVI SI ON_DATE

CRTFCN_CODE

HYDO3_SNOW_DEPTHS_96_DATA

Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS
SAMPLE_| D
SNOW DEPTH
CRTFCN_CODE

REVI SI ON_DATE

HYDO3_SNOW_PITS_96_DATA

Col um Nane

SI TE_NAVE

an instrument.

The date on which the data were coll ected.

The sanple identifier used by data collectors.
The depth of snow on the ground.

This is the snow water equival ent that was
nmeasured fromthe Canadi an snow sanpl er.

The density of the snow.

The rel ative | ocation of the snow neasurenents
with respect to a tree or the trees around it.
Descriptive information to clarify or enhance

t he understandi ng of the other entered data.

The nost recent date when the information in the
ref erenced data base table record was revised.
The BOREAS certification |evel of the data.
Exanpl es are CPl (Checked by Pl), CGR (Certified
by Group), PRE (Prelimnary), and CPlI-??? (CP
but questionabl e).

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the
site, 999 if unknown, and CCCCCis the identifier
for site, exactly what it means will vary with
site type.
The identifier assigned to the sub-site by

BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site
instrunment, e.g. HYDO6 or STAFF, and IIIIlIl is the

identifier for sub-site, often this will refer to
an instrunent.

The date on which the data were coll ected.

The sanple identifier used by data collectors.
The depth of snow on the ground.

The BOREAS certification |level of the data.
Exanpl es are CPlI (Checked by Pl), CGR (Certified
by Group), PRE (Prelimnary), and CPlI-??? (CP
but questionabl e).

The nost recent date when the information in the
referenced data base table record was revised.

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the
site, 999 if unknown, and CCCCC is the identifier
for site, exactly what it means will vary with
site type.
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SUB_SI TE

DATE_OBS

SNOW LAYER TOP_HT
SNOW LAYER BOTM HT
SNOW DENSI TY_1
SNOW DENSI TY_2
SNOW DENSI TY_3
PARM VALUE_FLAGS

SNOW TEMP
SNOW TEMP_HT

CRTFCN_CODE

REVI SI ON_DATE

7.3.3 Unit of Measurement

The identifier assigned to the sub-site by

BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site
i nstrunment, e.g. HYDO6 or STAFF, and IIIIlIl is the

identifier for sub-site, often this will refer to
an instrument.

The date on which the data were coll ected.

The upper height of a layer or "horizon" of snow.
The | ower height of a layer or "horizon" of snow.
The first snow density measurenent.

The second snow density neasurenent.

The third snow density measurenent.

This contains values or codes that indicate
special conditions for the data paraneters.

N A = not applicable

The tenperature of the snow at the reported snow
hei ght .

The hei ght above the surface at which the snow

t enper at ure neasurenent was nade.

The BOREAS certification |evel of the data.
Exanpl es are CPl (Checked by Pl), CGR (Certified
by Group), PRE (Prelimnary), and CPlI-??? (CP
but questionabl e).

The nost recent date when the information in the
referenced data base table record was revised.

The measurement units for the parameters contained in the data files on the CD-ROM are:

HYDO3_SWE_DATA
Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS

MEAN_SNOW DEPTH
SWE_NUM OBS
MEAN_SNOW DENSI TY
CALC_SVE

CAN_SNOW SAMPLER_SVE
CAN_SNOW SAMPLER_NUM OBS
CRTFCN_CODE

REVI S| ON_DATE

HYDO3_ _SNOWTEMP_DATA
Col um Nane

SI TE_NAVE
SUB_SI TE
DATE_OBS
SNOW HT

SNOW TEMP
CRTFCN_CODE
REVI S| ON_DATE

[ DD- MON- YY]
[mllinmeters]

[ count s]

[ kil ograms] [ neter”-3]
[mllinmeters]
[mllinmeters]
[unitless]

[ none]

[ DD- MON- YY]

[ DD- MON- YY]
[mllinmeters]

[ degrees Cel si us]
[ none]

[ DD- MON- YY]
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HYDO3_SWE_96_DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SAMPLE I D

SNOW DEPTH

CAN_SNOW SAMPLER SWE

SNOW DENSI TY

TREE_ZONE

COMMVENTS

REVI S| ON_DATE

CRTFCN_CODE

HYDO3_SNOW_DEPTHS_96_ DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SAMPLE I D

SNOW DEPTH

CRTFCN_CODE

REVI S| ON_DATE

HYDO3_SNOW_PITS_96_ DATA
Col utm Nane

S| TE_NAVE

SUB SI TE

DATE_OBS

SNOW LAYER _TOP_HT

SNOW LAYER_BOTM HT

SNOW DENSI TY_1

SNOW DENSI TY_2

SNOW DENSI TY_3

PARM VALUE FLAGS

SNOW TEMP

SNOW TEMP_HT

CRTFCN_CODE

REVI S| ON_DATE

7.3.4 Data Source

The sources of the parameter values contained in the data files on the CD-ROM are:

HYDO3_SWE_DATA

Col utm Nane
S| TE_NAVE
SUB SI TE
DATE_OBS
VEAN_SNOW DEPTH
SVWE_NUM OBS

[ none]

[mllinmeters]
[mllinmeters]

[ kil ograms] [ neter”-3]
[ none]

[ none]

[ DD- MON- YY]

[ none]

[mllinmeters]
[ none]
[ DD- MON- YY]

[ DD- MON- YY]
[mllinmeters]
[mllinmeters]

[ kil ograms] [ neter”-3]
[ kil ograms] [ neter”-3]
[ kil ograms] [ neter”-3]
[ none]

[ degrees Cel si us]
[mllinmeters]

[ none]

[ DD- MON- YY]

Dat a Source

[ Assi gned by
[ Assi gned by
[ Supplied by
[ Supplied by
[ Supplied by

BORI S]

I nvesti gator]
I nvesti gator]
I nvesti gator]
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MEAN_SNOW DENSI TY [ Supplied by Investigator]
CALC SWE [ Supplied by Investigator]
CAN_SNOW SAMPLER SVE [ Supplied by Investigator]
CAN_SNOW SAMPLER NUM OBS [ Supplied by Investigator]
CRTFCN_CODE [ Assigned by BORI S]
REVI SI ON_DATE [ Assi gned by BORI S]
HYDO3_SNOWTEMP_DATA

Col utm Narre Data Source
SI TE_NAME [ Assigned by BORI S]
SUB_SI TE [ Assigned by BORI S]
DATE_OBS [ Supplied by Investigator]
SNOW HT [ Supplied by Investigator]
SNOW TEMP [ Supplied by Investigator]
CRTFCN_CODE [ Assi gned by BORI S]
REVI SI ON_DATE [ Assi gned by BORI S]
HYD3_SWE_96_DATA

Col utm Nare Data Source
SI TE_NAME [ Assi gned by BORI S]
SUB_SI TE [ Assi gned by BORI S]
DATE_OBS [ Supplied by Investigator]
SAMPLE | D [ Supplied by Investigator]
SNOW DEPTH [ Supplied by Investigator]
CAN_SNOW SAMPLER SVE [ Supplied by Investigator]
SNOW DENSI TY [ Supplied by Investigator]
TREE_ZONE [ Supplied by Investigator]
COMMVENTS [ Supplied by Investigator]
REVI SI ON_DATE [ Assi gned by BORI S]
CRTFCN_CODE [ Assi gned by BORI S]
HYDO3_SNOW_DEPTHS_96_DATA

Col utm Nare Data Source
SI TE_NAME [ Assi gned by BORI S]
SUB_SI TE [ Assi gned by BORI S]
DATE_OBS [ Supplied by Investigator]
SAMPLE | D [ Supplied by Investigator]
SNOW DEPTH [ Supplied by Investigator]
CRTFCN_CODE [ Assi gned by BORI S]
REVI SI ON_DATE [ Assi gned by BORI S]
HYDO3_SNOW_PITS_96_DATA

Col utm Nare Data Source
SI TE_NAME [ Assi gned by BORI S]
SUB_SI TE [ Assi gned by BORI S]
DATE_OBS [ Supplied by Investigator]
SNOW LAYER TOP_HT [ Supplied by Investigator]
SNOW LAYER BOTM HT [ Supplied by Investigator]
SNOW DENSI TY_1 [ Supplied by Investigator]
SNOW DENSI TY_2 [ Supplied by Investigator]
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SNOW DENSI TY_3

PARM VALUE_FLAGS

SNOW TEMP
SNOW TEMP_HT
CRTFCN_CODE
REVI S| ON_DATE

7.3.5 Data Range

[ Supplied
[ Supplied
[ Supplied
[ Supplied
[ Assi gned
[ Assi gned

I nvesti gator]
I nvesti gator]
I nvesti gator]
I nvesti gator]
I nvesti gator]
I nvesti gator]

The following table gives information about the parameter values found in the data files on the

CD-ROM.

HYDO3_SWE_DATA

M ni num
Dat a
Val ue

Unr el
Dat a

Bel ow
Det ect
Limt

SI TE_NAVE
SUB_SI TE
DATE_OBS

MEAN_SNOW DEPTH

SWE_NUM OBS

MEAN_SNOW DENSI TY

CALC_SVE

NSA- 9BS- HYD3A
HYDO3- SWEO1
05- FEB- 94

160

1

161

37

CAN_SNOW SAMPLER_SVE 28
CAN_SNOW SAMPLER NUM_ 1

OBS
CRTFCN_CODE
REVI SI ON_DATE

CPI
21-JUL- 95

HYDO3_SNOWTEMP_DATA

Col um Nane

M ni num
Dat a
Val ue

Unr el
Dat a
Val ue

Bel ow
Det ect
Limt

SI TE_NAVE
SUB_SI TE
DATE_OBS
SNOW HT

SNOW TEMP
CRTFCN_CODE
REVI S| ON_DATE

NSA- 9BS- HYD3A
HYDO3- SHT01
05- FEB- 94

0

-17.5

CPI

21-JUL- 95

M ni num
Dat a
Val ue

Bel ow
Det ect
Limt

SI TE_NAVE
SUB_SI TE
DATE_OBS
SAMPLE_| D
SNOW DEPTH

SSA- 90A- FLXTR
HYDO3- SWEO1
29- FEB- 96

1

230

Maxi mum M ssng
Dat a Dat a
Val ue Val ue
SSA- YJP-122D1 None
HYDO3- SWEO3 None
27- APR- 94 None
540 None
385 None
335 - 999
118 - 999
58 - 999
5 - 999
CPI None
21-JUL-95 None
Maxi mum M ssng
Dat a Dat a
Val ue Val ue
SSA- 9PR- HYDO3 None
HYDO3- SHT06 None
27- APR- 94 None
1250 None
0 None
CPI None
21-JUL-95 None
Maxi mum M ssng
Dat a Dat a
Val ue Val ue
SSA- AJP- HYDO3 None
HYDO3- SWEO1 None
05- MAR- 96 None
20 None
510 None
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CAN_SNOW SAMPLER_SVEE 30

SNOW DENSI TY
TREE_ZONE
COWVENTS
REVI S| ON_DATE
CRTFCN_CODE

HYDO3_SNOW_DEPTHS_96_DATA

SI TE_NAVE
SUB_SI TE
DATE_OBS
SAMVPLE_| D
SNOW DEPTH
CRTFCN_CODE
REVI S| ON_DATE

HYDO3_SNOW_PITS_96_DATA

Col um Nane

SI TE_NAVE
SUB_SI TE
DATE_OBS

SNOW LAYER TOP_HT
SNOW LAYER BOTM HT

SNOW DENSI TY_1
SNOW DENSI TY_2
SNOW DENSI TY_3

PARM VALUE_FLAGS

SNOW TEMP
SNOW TEMP_HT
CRTFCN_CODE

90 None None None None
100 217 None None None None
N A N A None None None None
N A N A None None None None
31- JAN- 97 31- JAN- 97 None None None None
CPI CPI None None None None
M ni mum Maxi mum Mssng Unrel Below Data
Dat a Dat a Dat a Dat a Det ect Not
Val ue Val ue Val ue Value Limt Clctd
SSA- 90A- FLXTR  SSA- WAT- FLXTR None None None None
HYDO3- SDP01 HYDO3- SDP01 None None None None
29- FEB- 96 11- MAR- 96 None None None None
None None None None
0 560 None None None Bl ank
CPI CPI None None None None
13- JAN- 97 13- JAN- 97 None None None None
M ni mum Maxi mum Mssng Unrel Below Data
Dat a Dat a Dat a Dat a Det ect Not
Val ue Val ue Val ue Value Limt Clctd
SSA- 999- WBK04  SSA- WAT- FLXTR  None None None None
HYDO3- SPTO1 HYDO3- SPTO1 None None None None
29- FEB- 96 12- MAR- 96 None None None None
20 410 None None None Bl ank
0 380 None None None Bl ank
114 397 None None None Bl ank
117 401 None None None Bl ank
119 322 None None None Bl ank
N A N A None None None Bl ank
-21 0 None None None Bl ank
0 400 None None None Bl ank
CPI CPI None None None None
28- JAN- 97 28- JAN- 97 None None None None

REVI SI ON_DATE

The m ni mum val ue found in the col um.
The maxi mrum val ue found in the col um.
i ndi cates missing data. This is used to

M ni nrum Dat a Val ue --
Maxi num Dat a Val ue --
M ssng Data Val ue

Unr el

Bel ow Det ect

Dat a Val ue

The val ue t hat
i ndicate that an attenpt was nmade to determi ne the
but the attenpt was unsuccessful

This is used

par anet er val ue,
The val ue t hat

par anet er val ue,

i ndi cates unreliable data.
to indicate an attenpt was nade to determ ne the

but the val ue was deened to be

Limt

unreliable by the anal ysis personnel

The val ue that indicates paraneter values bel ow the
instruments detection linmts. This is used to

i ndicate that an attenpt was nmade to determi ne the
paranmeter val ue, but the anal ysis personnel deterni ned
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that the paraneter val ue was bel ow t he detection
limt of the instrunentation.

Data Not Clctd -- This value indicates that no attenpt was nmade to
determ ne the parameter value. This usually
i ndi cates that BORI S conbi ned several sinilar but
not identical data sets into the sane data base table
but this particular science teamdid not
neasure that paraneter.

Blank -- Indicates that blank spaces are used to denote that type of val ue.
NA -- Indicates that the value is not applicable to the respective col um.
None -- Indicates that no values of that sort were found in the col um.

7.4 Sample Data Record
The following are wrapped versions of data records from a sample datafile on the CD-ROM.

HYDO3_SWE_DATA (1994)

SI TE_NAVE, SUB_SI TE, DATE_OBS, MEAN_SNOW DEPTH, SWE_NUM OBS, MEAN_SNOW DENSI TY
CALC_SWE, CAN_SNOW SAMPLER_SWE, CAN_SNOW SAMPLER NUM OBS, CRTFCN_CODE, REVI SI ON_DATE
' NSA- YJP- FLXTR , ' HYDO3- SWEO1' , 14- FEB- 94, 380. 0, 79, 180, 86, ,,' CPI ', 21- JUL- 95
HYDO3_SNOWTEMP_DATA

SI TE_NAME, SUB_SI TE, DATE_OBS, SNOW HT, SNOW TEMP, CRTFCN_CODE, REVI S| ON_DATE
" NSA- M X- HYDO3' , ' HYDO3- SHT04' , 13- FEB- 94, 400, -13.0, "' CPI ', 21-JUL-95

HYDO3_SWE_96_DATA

SI TE_NAVE, SUB_SI TE, DATE_OBS, SAMPLE_NUM SNOW DEPTH, CAN_SNOW SAMPLER_SVE
SNOW DENSI TY, TREE_ZONE, COWENTS, REVI SI ON_DATE, CRTFCN_CODE

' SSA- OBS- HYDO3' , ' HYDO3- SWEO1' , 29- FEB- 96, 1, 400. 0, 60, 150, ' NONE' , ' At snow pit',
31- JAN-97,' CPI''

HYDO3_SNOW_DEPTHS_96_DATA

SI TE_NAME, SUB_SI TE, DATE_OBS, SAMPLE_I D, SNOW DEPTH, CRTFCN_CODE, REVI S| ON_DATE
' SSA- OBS- FLXTR , ' HYDO3- SDP0O1' , 29- FEB- 96, ' 97' , 400. 0, ' CPI'', 13- JAN- 97

HYDO3_SNOW_PITS_96_DATA

SI TE_NAVE, SUB_SI TE, DATE_OBS, SNOW LAYER TOP_HT, SNOW LAYER_BOTM HT, SNOW DENSI TY_1,
SNOW DENSI TY_2, SNOW DENSI TY_3, PARM VALUE_FLAGS, SNOW TEMP, SNOW TEMP_HT
CRTFCN_CODE, REVI S| ON_DATE

' SSA- OBS- FLXTR , ' HYDO3- SPTO1' , 29- FEB- 96, 390, 360. 0, 116, 117, ,' ', -11. 0, 350, ' CPI ',
28- JAN- 97
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8. Data Organization

8.1 Data Granularity
The smallest amount of datathat can be ordered from this data set is a day's worth of datafor a
particular site.

8.2 Data Format(s)

The Compact Disk-Read-Only Memory (CD-ROM) files contain American Standard Code for
Information Interchange (ASCII) numerical and character fields of varying length separated by
commas. The character fields are enclosed with single apostrophe marks. There are no spaces between
the fields.

Each datafile on the CD-ROM has four header lines of Hyper-Text Markup Language (HTML)
code at the top. When viewed with a Web browser, this code displays header information (data set
title, location, date, acknowledgments, etc.) and a series of HTML linksto associated datafiles and
related data sets. Line 5 of each datafileisalist of the column names, and line 6 and following lines
contain the actual data.

9. Data Manipulations

9.1 Formulae
To determine snow pack SWE:

Snow depth (mm) x [snow density (kg/m3)/1000] = SWE (mm)

9.1.1 Derivation Techniques and Algorithms
Not applicable.

9.2 Data Processing Sequence

9.2.1 Processing Steps
For snow density and SWE:
Determine mean snow depth at site.
»  Determine mean snow pack density at site (if more than one snow pack density measurement
exists at any site, then average the means).
*  Useformulaabove to calculate SWE.

9.2.2 Processing Changes
None.

9.3 Calculations

9.3.1 Special Corrections/Adjustments
None.

9.3.2 Calculated Variables
None.

9.4 Graphs and Plots
None.
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10. Errors

10.1 Sources of Error

*  Inmeasuring snow depth, the probe may at times hit afallen branch or understory and
underestimate snow depth at that point.

*  Snow pack density data were often derived from a single snow pit evaluation. Error would be
reduced if it was practical to obtain several measurements of mean snow pack density.

* Anunresolved, systematic discrepancy exists between the determination of SWE using the
Canadian snow sampler and the technique using mean snow depths and mean snow pack
density determined from the 100-cc density cutter.

10.2 Quality Assessment

10.2.1 Data Validation by Source
Comparison was attempted with HY D-04 snow survey data. Data were similar, but time and
location of data collection points were not the same and therefore cannot be directly compared.

10.2.2 Confidence L evel/Accuracy Judgment

The confidence in snow depth datais afunction of the number of measurements made (n) at each
site. The more measurements made, the better the variability is represented and therefore the greater the
confidence.

The snow temperature data are good indications of the temperature gradient at that point. The
temperature gradient will vary with snow depth, proximity to atree, or snow pack base (i.e., forest
floor, ice on pond).

10.2.3 M easurement Error for Parameters
Snow density measurement accuracy = 5%.

10.2.4 Additional Quality Assessments
The data were doublechecked. Calculations were performed at least twice, and more often if a
discrepancy existed.

10.2.5 Data Verification by Data Center
These data were reviewed to make sure that data were |oaded properly.

11. Notes

11.1 Limitations of the Data

Snow depth and density and temperatures can be highly variable in forested environments. A
single data point cannot accurately represent aforest snow pack. Also, during periods of thaw, the
snow pack changes rapidly, and a measurement made on one day may not have much bearing on the
snow pack the next day. Note that on 09-Mar-1996, the daily high air temperature reached 0 °C and
stayed above freezing for most of the remainder of the field campaign. During this period, the snow
pack changed rapidly.

11.2 Known Problems with the Data

An unresolved, systematic discrepancy exists between the determination of SWE using the
Canadian snow sampler and the technique using mean snow depths and mean snow pack density
determined from the 100-cc density cuitter.
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11.3 Usage Guidance
See Section 11.1.

11.4 Other Relevant Information
Canadian snow samplers are brittle when very cold, as Piers Sellers found out.

12. Application of the Data Set

This data set could be used for a quantitative analysis to compare SWE among different land cover
types. The data are also useful for snow modeling purposes or estimating the water potentially
available to the soil systems.

13. Future Modifications and Plans

None.

14. Software

14.1 Software Description
An undetermined spreadsheet software program was used to organize the data.

14.2 Software Access
None given.

15. Data Access

The snow measurement data are available from the Earth Observing System Data and Information
System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center
(DAAC).

15.1 Contact Information
For BOREAS data and documentation please contact:

ORNL DAAC User Services

Oak Ridge Nationa Laboratory

P.O. Box 2008 M S-6407

Oak Ridge, TN 37831-6407

Phone: (423) 241-3952

Fax: (423) 574-4665

E-mail: ornldaac@ornl.gov or ornl @eos.nasa.gov

15.2 Data Center Identification

Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory
(ORNL) Distributed Active Archive Center (DAAC) for Biogeochemica Dynamics
http://www-eosdis.ornl.gov/ [Internet Link].

15.3 Procedures for Obtaining Data

Users may obtain data directly through the ORNL DAAC online search and order system
[ http://wvww-eosdis.ornl.gov/] and the anonymous FTP site [ftp://www-eosdis.ornl.gov/data/] or by
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contacting User Services by electronic mail, telephone, fax, |etter, or personal visit using the contact
information in Section 15.1.

15.4 Data Center Status/Plans

The ORNL DAAC isthe primary source for BOREAS field measurement, image, GIS, and
hardcopy data products. The BOREAS CD-ROM and data referenced or listed in inventories on the
CD-ROM are available from the ORNL DAAC.

16. Output Products and Availability

16.1 Tape Products
Contact BOREAS Information System (BORIS) staff.

16.2 Film Products
Contact BORIS staff.

16.3 Other Products
These data are available on the BOREAS CD-ROM series.
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ASCl |
BOREAS
BCORI S
cc

CPI

CPI - 2?7
CRREL
DAAC
ECS
ECSDI S
FFC- T
FFC- W
as

GSFC
HTM.

NAD83
NASA
NSA
aBS
apP
ORNL
PANP
Pl
PRE
SSA
SV
URL
YBS
YJP

19. List of Acronyms

Ameri can Standard Code for Information Interchange
BOReal Ecosystem At nosphere Study
BOREAS | nformati on System

cubic centineters

Certified by Goup

Certified by Principal |nvestigator
CPl but questionable

Col d Regi ons Research Engi neering Laboratory
Di stributed Active Archive Center
Earth Qobservi ng System

ECS Data and I nformati on System
Focused Fi el d Canpai gn- Thaw
Focused Fi el d Campai gn- W nt er
CGeographic Information System

G eenwi ch Mean Tine

CGoddard Space Flight Center
Hyper - Text Mar kup Language
Hydr ol ogy

North Anerican Datum of 1983

Nat i onal Aeronautics and Space Adm nistration
BOREAS Northern Study Area

ad Bl ack Spruce

ad Jack Pine

Oak Ri dge National Laboratory
Prince Al bert National Park

Princi pal Investigator

Prelimnary

BOREAS Sout hern Study Area

Snow Wat er Equi val ent

Uni f orm Resour ce Locat or

Young Bl ack Spruce

Young Jack Pine
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Hardy, J.P., R.E. Davis, R. Jordan, X. Li, C. Woodcock, W. Ni and J.C. McKenzie, 1997.
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(N24), 29,397-29,406, December 26, 1997 .

If using datafrom the BOREAS CD-ROM series, also reference the data as.

R.E. Davis, "Distributed Energy Transfer Modeling in Snow and Soil for Boreal Ecosystems.” In
Collected Data of The Boreal Ecosystem-Atmosphere Study. Eds. J. Newcomer, D. Landis, S.
Conrad, S. Curd, K. Huemmrich, D. Knapp, A. Morrell, J. Nickeson, A. Papagno, D. Rinker, R.
Strub, T. Twine, F. Hall, and P. Sellers. CD-ROM. NASA, 2000.

Also, citethe BOREAS CD-ROM st as.

Newcomer, J., D. Landis, S. Conrad, S. Curd, K. Huemmrich, D. Knapp, A. Morrell, J.
Nickeson, A. Papagno, D. Rinker, R. Strub, T. Twine, F. Hall, and P. Sellers, eds. Collected Data of
The Boreal Ecosystem-Atmosphere Study. NASA. CD-ROM. NASA, 2000.
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